THIs Address was to have been a joint one by Professor Trueta and myself, but the calls which his new duties made upon his time prevented him-to my great regret-from partici-pating2. I acknowledge my indebtedness to him and to my other colleagues in renal research, while stressing that they are not necessarily involved in the interpretations or views which I advance. My survey is shorter and less complete than I wish; also, according to the nature of scientific reviews, it is doubtless a mixture of elements which are lasting and of others which increase in knowledge will show to be ephemeral or incorrect. It may, however, serve some useful purpose as an unbiased interim account of a subject of physiological interest and clinical importance.
In the light of recent biochemical research upon what Schoenheimer (1946) so happily.
styled "the dynamic state of body constituents", the meaning of the word "circulation" needs to be extended so as to cover both the extravascular and the intravascular movements of water and solutes. The volume which so moves in and out each day is of the vast order of 7,000 litres (calculated from data in Flexner et al., 1942) , while the glomerular filtrate is about 180 litres and the output of urine about 1.5 litres. So the renal fluid excursion, contrary to what was generally thought but a few years ago (see e.g., Smith, 1943) is in fact relatively small. f mention this at the outset in order that the renal blood circulation, with which I am in the main to deal, may be envisaged in its proper relation to the total fluid movement of the body. ONTOGENY The physiological range is from conception to death, and we need to know what changes occur within that range in the renal vascular system and circulation, especially those of the human subject. The pronephric stage is virtually non-existent in mammals, nor is much known about the succeeding mesonephric one, but there is more informatibn about the intra-uterine part of the metanephric stage which begins, before the mesonephric is over, at a feetal age (in the human subject) of 4 to 5 weeks. The basal or juxtamedullary glomeruli, which are the first to develop and also the first (Morison, 1926) to be vascularized, begin to appear at 6 to 7 weeks, and are fairly fully formed at 10 weeks3, while (Hewer, 1925) the glomerular basement membrane is well developed by 12 weeks. Cortical glomeruli are added in successive layers on the outside until the feetus or newborn child has attained a weight of 4 5 to 5 5 lb. (Potter and Thierstein, 1943) and, presumably in correspondence with this, one can see an occasional large vessel in the cortex and considerable subcapsular vascularity3; the vascular loops of the outermost glomeruli are not so well-developed as those of the basal ones (Clara, 1936) , and at times degenerate units are present in the subcapsular layer (Gruber; Peter, 1909; Peter et al., 1927) . In the feetus the basal glomeruli are larger than the cortical ones-Kuilz (1899) gave the respective diameters as 138 ,u and 99 st (adult 240 /,Z); the glomerular tuft is completely covered by high cuboidal or columnar epithelium. Further anatomical details are that the cortex is narrow relative to the medulla, with the glomeruli close to one another in all three dimensions, and that (Daniel, 1947) , in sections of the earlier stages, red blood corpuscles are much more numerous in the basal glomeruli and in the medullary vessels than they are in the cortex in general. The renal innervation in various mammalian fcetuses, including a 21 weeks' human one, is described by De Muylder (1948) , who also gives references to earlier work. In the human subject, there is a very rich, mainly but not exclusively non-myelinated, supply reaching the kidney along the renal pedicle and the ureter and distributed, except for a few fibres to supporting tissue, essentially to blood vessels. The peri-arterial plexus supplies, inter alia, the afferent and efferent glomerular vessels and is in close relation to the macula densa; it misses the glomerular capillaries. Slightly abridged; to be integrated with Franklin (1949 The perivenous plexus, in the feetus, is associated with ? chemoceptive end-organs lying, covered with endothelium, out in the renal vein blood stream, and with ? pressoceptive endorgans which do not so project'. The blood pressure in the mature human foetus in utero has only once, so far as I know, been measured and in that instance it was 68 mm.Hg (Haselhorst, 1929) . Of hormonal and nervous influences affecting the human pre-natal renal circulation I have no direct evidence, but Govan's (1949) findings in asphyxia neonatorum suggest that, in shock, such blood supply as there is to the kidney is preferentially distributed to the medulla. With regard to urine formation in utero, Gersh (1937), on the basis of findings in lower animals, thought that tubular excretory function may begin at 9 weeks in the human feetus, and resorptive function at 13 weeks, while Morison (1934) stated that urine containing all the standard normal constituents has been found in a foetus with only three layers of functioning glomeruli. Otherwise fully developed infants, however, have from time to time been born either devoid of kidneys or else without patent urinary passages (Englisch, 1881; Preyer, 1885) . So the placenta is competent, if need be, to deal with all foetal fluid excretion, and we can regard the development of the renal circulation and the associated intra-uterine renal performance as graduated exercises which prepare the organ for its post-natal functioning. At birth the kidney volume is 6 5 ml., and thereafter it rises to reach its final value of 120 ml. at the age of about 16 years (McManus, 1950; see, however, Parade, 1926) . There is increase in size2, but not in the total number, of the glomeruli, and, contrary to what obtains in some lower animals, the diameters of the basal and cortical units tend to approximate in course of time; Peter et al. (1927) said they were equal at three and a half years. The glomeruli become more spaced out, partly because the cortex increases in size relative to the medulla, partly because the tubular portion enlarges more than the glomerular. Most of the basal glomeruli have flat epithelial covering at four months, but traces of high epithelium persist on cortical glomeruli up to between the fourth and fifth year . The marked indications of lobulation visible on the surface of the foetal kidney are smoothed out in postnatal life.
On the functional side, the story is incomplete and its parts inadequately interrelated. It is generally agreed that for the first month or so (see e.g. Lasch, 1923; West et al., 1948) the infant's kidney is working relatively imperfectly or immaturely, and with no great reserve against additional stresses. On the basis of surface area, however, the mannitol clearance is normal after.the first month, and the adult value for effective renal plasma flow may be reached as early as 30 weeks (West et al., 1948) , while urea clearances of children of 2 years and over are the same as those of adults (Mcintosh et al., 1928) , and children between 4 and 14 years of age gave adult responses to concentration-dilution tests of the Volhard type (Holten, 1931) . Figures for blood pressure are very differently given by various authors, e.g. Woodbury, Robinow and Hamilton's (1938) finding of 80/46 mm.Hg in the umbilical artery of a prematurely born 9 months' baby is appreciably higher than many values given for the level at ordinary birth. In general, however, there is agreement about a gradual rise from birth to puberty or somewhat later.
We cannot, from the foregoing evidence, produce any very precise and connected account of the post-natal maturation of the human renal vascular system and circulation, and the only statement (Nash, 1950) suggesting a nervous control of that circulation in its early stages needs some amplification and testing before it can be accepted as evidence. We can, however, believe that at latest by puberty or thereabouts the kidney and its circulatory arrangements are fully developed, in which case we need, to complete this section, knowledge about the length of time during which, in the healthy subject, the state of 100% renal efficiency can continue. The answer is an entirely satisfactory one, namely that it can last, if need be, for so long as a century! For McManus (1950) describes a kidney from a male negro who died in his hundred and fifteenth year, and the organ in question showed nothing abnormal apart from a very few hyaline thickened portions in the glomerular basement membrane. This finding about the kidney as a whole presupposes an adequate renal circulation during the same length of time, and should encourage the clinician in his efforts to prevent departures of that circulation from the normal or, where that is not possible, in his efforts to nullifypathological influences before they have produced irreversible changes. ANATOMY [Abridged] Arteriovenous connexions by-passing glomeruli are of importance in connexion with the 'Except for these venous end-organs, the foetal findings are repeated in the adult. 2McManus' figures, lower than those of KuIlz, are 85 ,u for neonatal, and 180 IL to 190 ,u, with 200 ,uas an outer limit, for adult glomeruli.
interpretation of indirect assessments of renal blood flow and with ideas about the routes taken by the blood in its passage through the kidney. Claims made on behalf of some of the connexions previously listed (Franklin, 1949) need close scrutiny on the quantitative side, while a recent addition to the list (Barrie et al., 1950) is as yet unsupported by adequate published evidence; finally, the experimental findings of Simkin et al. (1948) still need the complementary demonstration of the vascular channels involved'.
The renal lymphatics and renal tissue spaces have been little studied in connexion with the renal circulation in its wider sense. McManus (1950) , who makes some mention of them, thinks also that the pyramids and the juxtacortical portion of the medulla must receive extra blood through some non-glomerular channels, but provides no direct evidence.
MEASUREMENT OF THE RENAL BLOOD FLOW Direct determinations of the renal blood flow in animals (e.g. by the use of Rein's Thermostromuhr) have not been beyond criticism, and the methods used are not applicable to man. Certain renal clearance tests, combined with determinations of extraction values, have been introduced with the object of resolving these difficulties. The substances used are excreted, it is supposed, entirely from capillary networks (glomerular and peritubular) and are not reabsorbed; further, extraction is maximal in one passage through the kidney, provided the plasma level is not too high. The extraction value, given as a percentage, is calculated from comparison of arterial and renal venous blood samples (the latter collected in man by means of renal vein catheterization), and is below 100 because, it is believed, a proportion of the total renal blood flow passes through non-capillary channels to reach the renal vein.
The substance first used for such purposes was diodrast (Smith, Goldring and Chasis, 1938) , and its use led to the figure of c. 1,300 ml. p.m. being given for the renal blood flow in adult man. Subsequently, it was found that sodium para-amino-hippurate (P.A.H.) was treated by the kidney in similar fashion to diodrast, but could be more easily and accurately measured, and had other advantages (Finkelstein, Aliminosa and Smith, 1941; Smith, Finkelstein and Aliminosa, 1945) . So it supplanted diodrast. Warren, Brannon and Merrill (1944) were the first to determine its extraction in conjunction with renal vein catheterization in normal unantsthetized human subjects, and in most of these they found values of 88 %2. The extraction value in the dog is much the same as in man, but in the decerebrate cat it is somewhat lower, namely 75 ± 3% (Oleesky, 1950 , following up the initial work of Black and Saunders, 1949) .
If the extraction value does not vary during changes in the total renal blood flow, that is interpreted as meaning that the same proportion of the total flow continues to pass through capillary channels. Such constancy was found by Van Slyke (1948) in the dog under various experimental conditions, provided the total flow did not drop to below 3% of its initial value. A drop in the extraction value could theoretically be due to a greater proportion of the total renal flow going through non-capillary by-passes, or to pathological changes occurring in the glomeruli or tubules. The extraction value is found to be low after non-lethal total renal ischemia of some duration, and the time taken for its complete restoration to normal varies with the length of that ischxemia. The length of time during which animals can stand total renal ischemia without subsequent death rises from rat (Koletsky and Gustafson, 1947) to rabbit (Scarff and Keele, 1943; Badenoch and Darmady, 1947) , and from rabbit to dog (Phillips and . So it is, perhaps, even higher in man.
Other features of intrarenal vascular and circulatory activity, apart from the total blood flow, have been investigated by parallel indirect methods and, even if the findings are not always easy to interpret with certainty, the work as a whole has greatly advanced research upon the activities of the mammalian kidney. Unfortunately, there is not space here for any detailed account of the methods and findings and the deductions made from themreference must be made to the individual papers.
NERVOUSLY-AND HORMONALLY-PRODUCED CHANGES IN THE RENAL CIRCULATION According to Homer Smith (1943, , under truly basal conditions no tonic vasomotor impulses pass to the kidney, and the renal blood flow is regulated entirely by the autonomous activity of the renal arterioles. If this view is correct, locally intermediated changes in the 'According to Dr. P. M. Daniel (1947; and discussion after this Address), degeneration of basal glomeruli can begin in man as early as the teens, and the direct channels resulting from the process might allow passage of 80 y spheres. Basal glomeruli constituted about 3 Y. of the total in the kidneys investigated by Xuereb (1948) . 21n two cases, those with the lowest plasma P.A.H. levels, the values were 100%. In a third case it was zero! blood flow through part or the whole of the organ could theoretically result from variations superimposed upon this basal state by the action of renal vasodilator and vasoconstrictor nerves. Apart, however, from certain of Bradford's (1889) findings, which require reinvestigation and analysis before they can be accepted as evidence of renal vasodilator innervation, the effects of reflex, central, and peripheral stimulation of the renal nerves have invariably, I think, been in the direction of renal vascular constriction and therefore, ceteris paribus, of reduction in renal blood flow.
In the mammalian species studied, the renal artery in its extrarenal course can constrict in response to nervous impulses, but I believe that it never does so completely. The evidence upon which my belief is based comes from tracheal occlusion tests, carried out in rabbits after one of the main branches of the artery has been denervated (Franklin, McGee and Ullmann, 1950) . Such tests, producing severe asphyxia of the subject, result in maximal nervously-intermediated renal ischemia and in the cases mentioned, as there was no denervation of the main renal artery, this vessel must have given its maximal constrictor response. Denervation of a branch of this artery results in the portion of the kidney supplied by that branch remaining pervious to blood flow, and under the conditions stated such portion did receive a blood supply, though the still innervated neighbouring portions of cortex, to judge from their marked paling, did not do so. The point is of importance, for some have thought that the nervously-produced constriction of the renal artery, with the consequent distal drop in blood pressure, is sufficient to account for the cortical ischemia. The experiments mentioned favour the view that the interlobular arteries and their offshoots can constrict completely in response to stimulation which results in only partial constriction of the renal artery.
Nervous effects upon the renal vascular system are not, however, normally as marked as in the tracheal occlusion tests, and we should perhaps consider the theoretically possible results of nervous stimulation upon the intrarenal vessels. These are:
(1) A reduction in all intrarenal calibres leaving some blood flow through each glomerulus.
(2) Random intra-cortical shutting down of afferent glomerular vessels.
(3) Progressive occlusion of interlobular arteries and their glomerular branches from the capsular region inwards, the extent of such ischaemia varying with circumstances but being maximal when the supply to the basal glomeruli alone still persists. With only these last representatives of the peripheral vessels still patent, there could be medullary congestion or not according to the degree of reduction of the main renal blood inflow and, in certain conceivable circumstances, of constriction of the renal vein; the site of such congestion would depend on the route or routes used by the remaining renal blood flow in its passage to the renal vein.
(4) Occlusion of all glomeruli and arteriovenous communications, with complete arrest of the renal circulation. In my experience this seems to be beyond the scope of normal nervous influences, though total cessation of flow can be produced by administration of adrenaline in massive dosage.
With regard to (1), (2) and (3) above, 1 think that (2) is unlikely but that (1) should remain in mind, even though there is no very direct evidence for it, on the grounds that the nervous stimulation so far used has perhaps not included the more delicate degrees, and that urine flow can fall without any marked colour change in the superficial layers of the rabbit's kidney. That (3) occurs under a variety of experimental conditions is beyond dispute, but before giving details may I first briefly consider urine flow in relation to cortical ischemia? If there is any flow, some glomeruli must be pervious to blood, while anuria can be produced if there is no blood flow to glomeruli, if the effective filtration pressure is too low, or if reabsorption is complete. Increased urine flow can occur as the result of increased blood flow, increased effective filtration pressure, and decreased reabsorption. Urine flow determinations can, therefore, be of help in assessing circulatory changes, though their interpretation may on occasion be difficult. In the Oxford studies of the renal circulation, this and certain other possible aids were not invoked, but they are now being called into service.
Reverting now to the renal blood flow, I wish to state that our demonstration of the possibility of the complete exclusion of cortical glomeruli from the circulation, with more and more layers becoming affected, from the capsule inwards, as the stimulation increases in intensity and/or duration until finally onlv the basal glomeruli remain pervious, was perhaps the novel addition to knowledge made through the researches of the Oxford team from 1945 onwards. For this pattern of effect,' with its apparent parallels in renal pathology, was not 'Seen first as the result of nerve stimulation, but later obtained also with hormones and other chemical substances. appreciated before February 1946, when Dr. Trueta gave a resume of our findings to date to a small group of medical visitors. The renal artery being simultaneously reduced in crosssectional area, the blood of which the cortex is deprived is, for the most part, re-routed to other parts of the body and does not reach the kidney at all. If, however, the total renal inflow falls by less than the amount which the cortex loses, more blood passes through the routes still remaining open to reach the renal vein, and these routes theoretically include not only the basal glomeruli-vasa recta pathways, but also any other arteriovenous communications, unassociated with glomeruli, that may be available-hence my reference to these in the section on anatomy, So there may be hyperemia in the cortico-medullary junctional zone and/or elsewhere in the medulla. On the other hand, the medulla can, on occasion, be paler than normal (this is so in the film which I shall project), in which case the drop in total renal blood flow has presumably been greater than the amount of which the cortex has been deprived. In the absence of definite evidence of the function of the residual blood flow on its way to the renal vein, and in view of the small proportion of the total resting flow which it represents, it may be somewhat academic to devote too much attention to it, and I have only devoted this much in order to clarify some of the points in Trueta et al. (1947) .1 To conclude this mention of the cortical blood flow diversion, I should add that the intrarenal circuit time may be reduced by as much as 40% during its occurrence; that the blood in the renal vein may become partially or wholly arterial-red in colour and that more rarely the flow may be pulsatile ; that there may be a retrograde passage of blood from arcuate to interlobular veins and ? tubular capillaries, but not right back to the cortical glomeruli ;
finally, that the diversion pattern found first in the rabbit has been noted also in the rat, mouse, cat, dog, and (Scott) monkey, i.e. in all the mammals so far investigated. It is, therefore, possible that nervously-intermediated departures from the normal level of renal blood flow in man, are, on occasion, accompanied by similar exclusion of cortical glomeruli from the circulation ; that, conversely, reported rises in the blood flow may have meant re-inclusion of such glomeruli within the circulation. The nervous regulation of the renal blood flow is mediated through centres in the central nervous system, diverse afferent pathways to those centres, and sympathetic efferent pathways terminating in the renal nerves. Evidence that spinal centres exist in some animals has been obtained in asphyxia studies (Franklin, McGee and Ullmann, 1950) , and centres in the brain are in course of being identified, particularly by E. C. Hoff and his colleagues in the University of Virginia. They found (1949) in cats that excitation of the pressor area (foci on gyrus proreus, gyrus sigmoideus, and orbital and mesial surfaces of the cerebral cortex) resulted in bilateral renal cortical ischremia, provided the renal nerves were intact. Twelve years earlier Green and Hoff (1937) had reported diminution in volume of the innervated, but increase in volume in the denervated, kidneys of the cat and the monkey during pressor responses evoked by electrical stimulation of the cerebral cortex. The more recent work is still proceeding, but I do not think I am justified in adding later information, contained in personal letters, about the results obtained in that and in certain other laboratories.
Afferent pathways to the renal vasomotor centres are numerous. They are present, for instance, in the sciatic nerve, and also in nerves supplying the uterus, intestine, bladder, ureter, and-I suspect-the kidney itself. In the cases of the hollow viscera, an adequate stimulus seems to be sudden distension, especially when combined with indisposition on the part of the smooth muscle to relax. Professor Amoroso has encountered some striking examples in respect of the animal uterus, and I have been told of a human case in which an attempt to induce labour by increasing the uterine distension resulted in acute bilateral cortical necrosis. Direct stimulation of spinal or higher centres by oxygen lack or carbon dioxide excess, or perhaps reflex effects from the kidney via these centres, seem to account for the effects of asphyxia upon the renal circulation (see Film Details p. 474).
In our work at Oxford during 1945 to 1947 we noted a tendency for the vessels of the hindlimbs and abdomen to be constricted preferentially in the order femoral artery, abdominal aorta, renal artery, and mesenteric artery-this last might even dilate. This, and further findings led me to the idea of an " order of sacrifice ", which I tested out, in conjunction with Professor Amoroso, by determining the differential reactivity of various arteries to massive doses of adrenaline, injected into the general circulation. Briefly, if such reactivity to adrenaline is 'While speaking of this part of our work, may I deal with two other matters? The first is that I personally have never liked the terms "greater circulation" or "lesser circulation" of the kidney, and that I find my overall mental picture of the renal blood flow and its variations the better for their exclusion. The second is that, in the absence of a precise definition, I deprecate the use, as much as I appreciate the brevity, of the term "renal shunt" or "Oxford shunt". With a precise, agreed connotation the term would be of great service. sacrificed in that order as the circulation progressively fails. The full story is not ready for publication and I mention these points here partly because they suggest the relative importance of the renal cortical blood flow in the circulatory economy, partly because they explain, I think, the success achieved by Dr. Hingson (1949) in a certain therapeutic use of ephedrine.
The possibility that the afferent and efferent glomerular vessels are not equally affected by adrenaline has often been discussed since the paper by Richards and Plant (1922) appeared, and Homer Smith (1943) interpreted indirect evidence as favouring the view that the efferent vessels are the more sensitive. I have, however, heard at least one alternative explanation and I would not regard the matter as by any means finally settled. Another point in the adrenaline story is unequivocal, namely, that the acutely denervated kidney reacts more rapidly, more intensely, and for a longer time to the hormone than does the innervated kidney (Hartmann et al., 1937 ; Franklin, McGee and IJllmann, unpublished) ; this is very noticeable in the film which I shall project after my lecture.
The other naturally occurring product of particular interest is the antidiuretic hormone of the neurohypophysis. As the result of the work of Verney (see Verney 1947 Verney , 1948 and of many others, the story of its release in emotional stress and short-lived exercise, through osmotic changes in the blood going to the brain, and in response to injection of acetylcholine or nicotine or to the smoking of cigarettes in unduly trying ways, is well known. What are not yet equally well known are the effect, if any, which it has upon the intrarenal circulation, and the relation of this to the antidiuretic action. The inhibition of water diuresis by emotional stress is independent of the renal innervation, is not caused by endogenous release of adrenaline, is unaccompanied by any appreciable change in the total blood flow through the kidney, and comes on within a relatively short time-some 2 mins.-after the application of the stimulus (Verney, 1948) . In appropriate concentrations pituitrin and pitressin can produce paling of the rabbit's and particularly of the rat's kidney surface with little apparent effect upon the calibres of the main renal artery and vein , which suggests that any marked action that these hormones may exhibit must be upon structures within the organ. But the experiments which produced these findings need to be extended, and we cannot at present state either fully or precisely what are the renal circulatory actions of posterior pituitary secretion, and of its individual constituents, under physiological conditions. One of the latest discussions of some aspects of the problem is that given by Koella (1949) . SOME QUESTIONS AND ATTEMPTS AT ANSWERS The recounting of the effects of nervous and hormonal influences upon the mammalian renal blood flow suggests a variety of questions, such as:
(1) Under what natural conditions may a partial or complete diversion of the renal cortical blood flow occur in man ?
(2) How does it affect kidney functions ? (3) For how long can it exist without irreversible changes occurring ? (4) What are these irreversible changes when they do occur ? (1) Among the natural conditions in which the diversion may perhaps occur are: (a) Exercise.-White and Rolf (1948) showed that the " effective " renal plasma flow is reduced and that, in severe exercise, not only may the reduction be as great as 80%, but there may be proteinuria as recovery takes place. This suggests, they stated, though it does not prove, that in strenuous exercise many glomeruli may have their blood supply interrupted, the subsequent proteinuria being due to the reversible temporary damage undergone by these glomeruli during their exclusion from the blood circulation. Rise in plasma glucose, ? an index of increased adrenaline output, was observed when the exercise reached a high level.
(b) Abnormal pregnancy. -Odell (1947) found reduction in inulin, exogenous creatinine, and urea clearance rates in severe pre-eclampsia, witb improvement during the puerperium. " Severe cases ", he added, " cannot be accurately investigated by the usual clearance methods employing collected urine specimens. Consequently, additional evidence is necessary to determine the exact mechanism of oliguria and anuria. The possible etiologic significance of angiospasm is postulated." Very recently Kenney, Lawrence and Miller (1950) have found that in normal pregnancy the afferent glomerular resistance is raised to a minor degree, the glomerular pressure is reduced, and the filtration rate remains normal. In " toxlemia of late pregnancy ", on the other hand, the renal plasma flow is reduced, the afferent arteriole is constricted, and there are falls in glomerular pressure and filtration rate. In some cases compensation in the way of efferent constriction tends to restore the glomerular pressure to a more nearly normal value. To this evidence, which suggests to the authors either a reduction in the blood flow per unit mass, or no change in this but a reduction of the total mass, we can add findings such as that of Solymoss (1949) , who correlated pre-mortal anuria of an eclamptic patient with cortical pallor and medullary congestion seen in the kidney at autopsy. We have already mentioned acute bilateral cortical rnecrosis produced by sudden uterine distension. On the whole it looks very possible that diversion of renal cortical blood flow may occur abnormally in human pregnancy, but the case is not, of course, proven.
(c) Sev,ere asphyxia.-The results found in animals (Franklin, 1948 ; Franklin, McGee and Ullmann, 1949, 1950) suggest that severe anoxia. produced by carbon monoxide poisoning or by a low percentage of oxygen in the inspired air, may reduce the renal cortical blood flow in man, and in this connexion Bradley and Bradley's (1947) paper is not without interest.
(d) ? Acute rapid hemorrhage, but not gradual hemorrhage. This again is a suggestion from results of animal experiments Van Slyke, 1948) . Van Slyke, using clearance tests in dogs, found that a preferential restoration of the renal blood flow soon followed, unless heemorrhage had been excessive. He postulated production of V.E.M., as described by Shorr, Zweifach and Chambers, to account for the full recovery, and of V.D.M. to explain the decline, after some measure of recovery, which followed too severe a loss.
Apart from the above conditions, rarer ones such as dioxan poisoning rise to mind. Dioxan has caused acute cortical necrosis in man (Barber, 1934) and tubular necrosis in animals (De Navasquez, 1936) , and it can certainly produce renal pallor in rabbits, though the exact mechanism remains to be elucidated (Franklin and Sophian, unpublished).1
(2) How the diversion affects kidney function must be considered under two headings, namely, what happens in the still aerobic part of the organ, and what happens in that part which is rendered ischemic by the diversion. With regard to the former problem, the answer must depend on (a) Whether the reduction in total renal inflow corresponds with the reduction in number of glomeruli, i.e. on whether or not a different proportion of the renal blood flow traverses arteriovenous channels which are unconcerned with the process of urine formation.
(b) Changes, if any, in glomerular filtration pressure and other factors. The functions of the temporarily anoxic portion of the kidney are of interest and, if diversion is at all frequent in normal life, of importance. For such renal tissue is the sole known site of production of V.E.M., which is one of two factors that in large measure control the peripheral circulation, in the body generally, distal to the arterioles (see Shorr et al.) . It increases the frequency and amplitude of the constrictor activity (vasomotion) of the metarterioles and precapillary sphincters, and very greatly enhances their reactivity to the topical application of adrenaline. It is inactivated by the kidney tissue when the latter's oxygen supply is restored. The ischvmic kidney also liberates renin, which acts' upon a plasma globulin, hypertensinogen, to produce hypertensin, which raises the blood pressure. The enzyme, hypertensinase, which inactivates hypertensin, is yet another product of the kidney. All together, then, this organ has a multifarious connexion with the regulation of the blood circulation, and there is a considerable interdependence between local and general blood flow arrangements.
The residual blood flow which still passes through the kidney during maximal exclusion of cortical glomeruli may have a maintenance function, including prevention of any serious change in temperature of the organ. But about this there is no evidence, merely ideas about possibilities.
( 3) and (4) The third question, "How long can cortical diversion exist without irreversible changes occurring?" is not easy to answer precisely. Hamilton, Phillips, and Hiller 'Barium sulphide, used to depilate rabbits, can produce cortical blood flow diversion (Amoroso, rrueta and Franklin, unpublished) . More information about the actions of nephrotoxic drugs is being accumulated through the researches of Dr. J. E. Cotes, but I will not anticipate any part of his story, or assess the applicability of his findings to man.
(1948) found in dogs that clamping the left renal artery, after the right kidney had been removed, resulted in death in uremia if the period of clamping exceeded four hours. Further experiments, by Phillips and , showed that renal blood flow was rapidly resumed at a nearly normal rate after twenty minutes to two hours of ischemia. Clamping the renal artery, however, is a more drastic procedure than producing a diversion of the cortical blood flow, and the only suggestions I have about the length of time during which the latter can be continued without irreversible changes occurring come from some very preliminary experiments carried out by Mr. Sophian and myself. From these it appears that about four hours of continuous diversion, produced by stimulating the renal nerves for thirty seconds every two minutes, may be more than the rabbit's kidney can stand. In one instance, however, there was diminution in extent of a superficial area, visibly affected by the stimulation, during a subsequent recovery period of a few hours' duration. Effects which have been produced by such stimulation have included, according to reports by Professor J. H. Dible and Dr. G. J. Cunningham, localized cortical necrosis, and elsewhere very considerable tissue damage. The results to date are, thus, encouraging but much more obviously remains to be done before any adequate and incontestable story can become available. A point of interest in one experiment was that the unstimulated kidney shox%Ned superficial paling during the recovery of the stimulated one.
SUMMARIZING REMARKS
From all the information available, it is possible to build up a fair mental picture of the fully developed mammalian renal blood flow and of its variations. In most of the circamstances of everyday life it represents a considerable part of the total cardiac output, and the changes which it exhibits are effected, in so far as the kidney is concerned, through small or moderate adjustments, falling far short of complete occlusion of any vessels, in the degree of vascular constriction. Beyond this routine range of variability more marked falls in intrarenal blood flow can occur in consequence of more serious nervous or chemical action upon the vascular apparatus. There appear to be two main patterns. In the first one, the afferent and/or efferent glomerular vessels are constricted to an extent incompatible with full physiological efficiency of the tubules and (in the case of afferent vascular constriction) of the glomeruli. In the second one, there is actual diversion, in part or in whole, of the blood supply that would normally go to the cortical glomeruli ; with the maxjnal number of glomerular layers rendered ischaemic, the residual renal blood flow is very small, but it is probably never nil in the absence of general circulatory failure. The more marked changes which I have mentioned probably occur over comparatively short periods as part of the full physiological picture, for animals are not always anmsthetized or human beings always under basal conditions, and demands upon the body's reserves of reactivity are, on occasion, maximal. The changes become, on the other hand, part of the pathological picture when they continue too markedly for too long a time, and they can result in death when the bounds of recovery possibilities have been overstepped. Short of a fatal outcome, they may leave the kidney functionally less perfect and/or structurally scarred.
ACKNOWLEDGMENTS
In the preparation of this paper I have received considerable help from various members of my Staff, particularly Miss E. A. Ullmann and Dr. A. M. Miles ; I have also received several useful suggestions from Mr. G. J. Sophian. To them all I express my thanks.
FILM DETAILS
The colour film, ph1otographed by Mr. Douglas Fisher, which was projected after the address consisted of the following parts (1) Red stream lines in the renal vein.
(2) Anoxic diversion of the renal cortical blood flow. (3) Effects of anoxia and of adrenaline respectively upn the innervated and the denervated kidney.
(4) Excretion of myoglobin by the kidney. The second item was projected by courtesy of Blackwell Scientific Publications Ltd., the others by courtesy of the Wellcome Foundation Ltd. The subjects used in all four items were aneesthetized rabbits.
POSTSCRIPT
After the lecture and film-projection, Professor T. N. A. Jeffcoate told me of an obstetric case in his recent experience, and very kindly gave me permission to give some account of it here. The patient had concealed accidental hemorrhage, and anuria from the time of its onset. After twenty-eight hours, when she had recovered from the initial shock, looked well, and had a blood pressure within normal limits, she was operated on and one kidney was exposed. Superficially it did not look pale, but congested. The pedicle was completely denervated without any change becoming apparent on the kidney surface and, when incised, the capsule did not bleed at all, nor did the cortex. On the other hand, so soon as the medulla was reached there was bleeding. The patient died on the tenth day after delivery, and at autopsy both kidneys showed the classical picture of complete cortical necrosis.
